What are the differences and similarities between physics studies at different universities across Europe (here the definition of Europe is broad)? How much does a student have to work to obtain a degree in physics? Questions like those prompted EUPEN (European Physics Education Network) to make a survey. During 1997 and 1998 the working groups of EUPEN sent out a number of questionnaires to a number of institutions and to individual students. In this report we focus on issues relating to the workload to obtain a degree in physics as expressed in contact hours-lectures, problem solving, laboratory work-and private study time. The different teaching/learning styles are also considered. Some of the results have already been presented at conferences.
Introduction
A series of inquiries on physics studies in universities in a number of different countries were initiated by EUPEN 6 and carried out by working groups under EUPEN. The aim, in general terms, was to obtain information on similarities and differences of physics studies between the different countries in Europe 7 and between different universities within countries. The parameters of interest includes content, level, teaching/learning styles and student workload. The survey has been carried out be means of questionnaires sent to a number of institutions (the appendix lists the institutions) and to individual students. The data used in this paper were collected in 1997 and 1998. It should be emphasized that although we present the results for countries this is in fact a bit misleading as they are based, in most cases, on the reply from only one institution and might thus in fact not be representative. For instance in the UK the results are really from Imperial College and are hence probably not representative for the UK. The data used are from the returned questionnaires and no attempt of checking their validity has been done. What is shown are hence trends. 'Outliers' should probably not be taken to seriously.
The guiding principle could be described by the word 'readability' as used in the Bologna declaration 8 . It is believed that this survey will eventually help to make recognition of a university degree in physics (or part of one) easier both for students and for university staff. It is also believed that this work will be useful for defining a diploma supplement, for recognition purposes especially for exchange students and for facilitating the implementation of the European credit transfer system (ECTS). It should be emphasized that in many countries changes are being introduced in higher education partly as a result of the Bologna declaration and partly because higher education in some countries is in a complex process of reform (especially in the C/CE-countries). The results presented here thus represent the status at the time of data collection (1997-98). To investigate the possible effects of the changes introduced, a similar investigation should be carried out again probably in a couple of years time.
Methods
Preliminary results of these inquiries have been presented previously at three conferences [1] [2] [3] and are available in the proceedings. The inquiry in 1997 mainly concerned the student workload during the first three to four years of study at universities. The workload, measured as number of hours spent by a student on his/her studies, was divided into contact time and time of private study (homework). Information was obtained by sending questionnaires to a number of institutions. A total of 70 universities in 20 countries completed and returned the questionnaire. To validate (or invalidate) the institutions estimates of student homework, a questionnaire was in the following year sent out to a number of students. Here a total number of 340 returns were obtained. Unfortunately there were no returns from France and Spain and only a few from Germany and Denmark.
In 1998 also the teaching/learning-styles were examined by sending questionnaires to 22 'representative' institutions. The 'representative' institutions were chosen after analysis of the replies from the '97-questionnaire.
The inquiry in 1999 pertained to doctoral studies. Again a questionnaire was sent out to a number of institutions. 93 returns from 24 countries were received.
In this work we will concentrate on the first degree (or the degree obtained before the PhD), so we will not include information on the doctoral studies.
Results
From the questionnaires a number of quantities can be extracted, some of which are presented here. When making comparisons between countries/institutions there are a number of difficulties; just to mention a few:
(1) The structure of studies differs from country to country [4, 5] . (2) There are large variations in actual length versus legal length of study. (Expressed by an overrun factor = (actual length)/(legal length).) (3) The private study part as estimated by the institutions can be questionable. The figures as given by the students might also be questionable. (4) Students are different. The data should preferably relate to an average or typical student, which is probably a non-existing entity.
Some of these points are illustrated in figure 1. The differences are already apparent in the way entrance to physics studies at universities is handled. In some countries the requirement is an exam,high school, baccalaureate, gymnasium (usually obtained after 12 years at school) with no other requirement, in other countries there are further restrictions for instance in the form of entrance exams making the fraction of those applying actually being received less than one. This is shown in figure 1 , with 100% admitted meaning that there is no further requirement for entrance (with 100% denoted for simplicity by a '1' on the ordinate). Note again that the entrance fraction is to a particular institution. So for instance in GB the entrance fraction of 0.4 means that only 40% of those applying to study physics at Imperial College were admitted there. The students not accepted at Imperial College could well be accepted in another institution.
Also shown in figure 1 is the completion fractions for the first year and for the first degree. There is, not surprisingly, an apparent correlation. As mentioned one should be aware that these results are for one particular institution and might not be representative for the country. Likewise it is not known whether a student having been rejected by one institution (say Imperial College) is accepted in another. The success rates are also for the mentioned institutions and not for the countries.
We have further extracted the following quantities: the total number of contact hours, i.e. the number of hours in which there is some kind of formal teaching, or the number of hours a student spends more or less actively with a teacher. This is further divided into lectures, problem solving classes, laboratory work and computing. The private study time was more difficult to extract, partly because many universities provided little or no information on that issue.
An estimate, however, is provided in figure 2 , where the total study time for a student totalled over the first 4 years is shown. (Not all the countries listed in the appendix are included due to difficulties extracting reliable data.) It is further divided into lectures, tutorials (small group teaching, problem solving classes or whatever it is called in the different countries), laboratory work, computing and private study time. It should be noted that countries are listed but in fact it is just one university in that country. The data have been sorted according to total study time.
The private study time as obtained from the questionnaires to students was divided into study time during teaching periods and during periods reserved for exam preparation. This has been converted to total private study time for the first 4 years by simple extrapolation, with the corresponding increase in uncertainty. The results are shown in figure 3 . The left bar is the estimate obtained from the institution and the right is that obtained from the students. Note that there are no data from Spain, France, Ireland, Poland and Sweden.
It is of interest to represent the total workload but with the private study time replaced by the student estimate. This is shown in figure 5 as the right bar, with the estimate of the institution for the countries for which there are no estimates from the students.
As was mentioned, however, this time does not necessarily correspond to the time it takes to complete all the exams for the first 4 years as for some countries there is a considerable overrun. We define the overrun factor as the average study length to get a degree divided by the legal length. The overrun factor thus estimated and shown in figure 4 is shown again in table 1. Note again that the overrun factor of 1 in GB and PT is in fact for the particular institutions in these countries and is probably not typical.
Also shown in table 1 are columns with 'total workload' estimated in a number of different ways. In the first column the total workload is calculated by adding contact hours with private study time as estimated by the students. In the second column a correction for overrun has been applied by multiplying the private study time by the overrun factor and adding that to the contact hours. Finally the total study time has been divided by 240 (= 4 years times 60 credits per year) to obtain the study time per ECTS-credit, corrected and uncorrected.
The same information is also shown in figure 5 where the total workload-both the uncorrected and the corrected-during the first 4 years is shown, sorted according to the uncorrected workload.
Discussion
The obvious correlation between admission and overrun/success rate is as mentioned not surprising and it would certainly be of interest to study that in more detail. From figure 2 it appears that students from Great Britain and Ireland have to work much less than students from Italy and Croatia. This will be discussed further below. For contact hours Spain, Latvia, the Netherlands, Norway, Portugal and Romania are on the high side. Formal problem solving time is fairly high in Denmark and France and low in Great Britain. One should, however, bear in mind that problem solving time can be used in different ways. Anything in between the two extremes: (1) a teacher presenting the solution at the blackboard; (2) students solving the problems themselves with the possibility of consulting with a teacher. Laboratory or practical work is low in Austria, Belgium and France, while it is fairly high in Great Britain, Ireland, the Netherlands and Romania. Formal computing time is non-existent in some countries like Austria, Germany, Spain, Italy and Portugal, while it is relatively high in Poland. Again caution is in order: the use of computers can be introduced in many ways, as formal teaching time or as integral part of other teaching activities. In some countries computer literacy is also introduced at levels before universities.
From figure 3 it is obvious that institutions in Great Britain and Spain underestimate the time the students spend on studying at home, while Austria, Denmark and Italy overestimate that time (the number of answers from Denmark is very low-so hardly significant), while Belgium, Germany, Romania and Sweden have a fairly accurate view.
With the private study time as estimated by the student the total workload looks slightly different as seen from figures 2 and 5. For the uncorrected workload there seems to be a pattern in the sense that the countries AT, DE, DK, FR, GB, (IE), LV, PL and SE are grouped with an average of 4900 h for the first 4 years (standard deviation 550 h) while the rest: BE, (ES), HR, IT, NL, NO, PT and RO have an average of 7000 h (standard deviation 500 h) all for the first 4 years. Two of the countries have been put in parenthesis as they are falling slightly out of the pattern. Note though that for IE there is no estimate of the private study time by the student, so if the trend from GB, where the institution underestimated this time, also applies to Ireland, the difference might disappear. For Spain the private study time estimated by the students is very high.
The correction for overrun presented in table 1 and figure 5 was calculated by multiplying only the private study time by the overrun factor since it is believed that part of the overrun is due to failed exams and only private study time is spent on re-studying for such a failed course. However, there are other possible reasons for overrun. One such is a part-time job, meaning that the student is in fact only a part-time student, and in that case no correction for overrun should be applied.
We attempted to investigate the impact of this difference in study time by asking exchange students (via a questionnaire 9 ) their impression. Only 34 questionnaires were returned. Among other questions the students were asked to rate the background knowledge as below, comparable or above that of their fellow students, both on the theoretical level and the practical laboratory level. The general trend was that students going to GB considered their theoretical background above and the practical comparable or below that of the English students. From answers to a question about exams, however, it appears that the students did not find it easier. A trend was that in GB the focus is rather on understanding than on memorizing. As one student puts it: 'I had to work less to learn more or less the same'.
The last two columns in table 1 giving the hours of work for obtaining one ECTS with an average of around 25 h is a main result of this investigation. From the comments from exchange students the dispersion does not seem to be of great importance, so that we can conclude the following.
Each university (Physics department) using ECTS in the recognition process in the case of EMSPS, Erasmus students should take into account the 'dispersion' from the average no. of hours/1 ECTS credit in the case of both universities (home and host).
